INTRODUCTION
The role of the sarcoplasmic reticulum (SR) in the relaxation of white, fast twitch skeletal muscle is well accepted (1, 2) , but there is no agreement (3) (4) (5) (6) (7) about the importance of the SR in slow twitch muscles, e.g., the soleus of the rabbit (8) or guinea pig (9) . Studies from this group have recently established that fast twitch muscles may be red both by gross inspection and by histochemical techniques (9) . The present study was designed to compare fragmented sarcoplasm reticulum (FSR) from fast twitch muscles, which are grossly and histochemically red or white, with FSR from slow twitch muscles, which are grossly red and classified as intermediate by histochemical techniques.
Previous studies of FSR from slow twitch muscles have yielded contradictory conclusions. Takauji, Yamamoto, and Nagai (3) and Harigaya, Ogawa, and Sugita (4) suggested that FSR from slow twitch muscles is fundamentally similar to that of fast twitch muscles, whereas Sreter and Gergely (5) and again Sreter (6) Dr. Fiehn is a Paul Cohen Postdoctoral Fellow of the Muscular Dystrophy Associations of America.
Received for publication 6 August 1970 and in revised form 9 November 1970. and others (7) doubted that FSR of slow twitch muscles plays the same dominant role in relaxation as it does in fast twitch muscle.
In the abovementioned studies the maximal calcium uptake (total amount of calcium accumulated at saturation) by FSR from fast twitch or slow twitch muscles was compared. This assay does not take into account possible contamination by inactive protein of FSR from different muscles and, more important, does not measure the most critical function of SR which is its ability to lower the ionized calcium concentration to levels at which muscle will relax, about 10-moles/liter. The assay for calcium-concentrating ability of FSR, as described herein, avoids the problem of differential contamination and shows that FSR from slow twitch muscles has a calcium-concentrating ability similar to that from fast twitch muscles. The rate of calcium accumulation under these conditions, however, is slower and correlates with the slower relaxation time of slow twitch muscles.
METHODS
FSR was prepared from guinea pig muscles of known fibertype composition (Table I and reference 9) according to Peter, and Peter and Worsfold (10, 11) . The fraction used was obtained between 18,000 and 50,000 g. It was electron microscopically free of mitochondria (12) and contained negligible cytochrome oxidase activity determined polarographically. The maximal calcium uptake was determined at 260C as follows. Different amounts of FSR were added to the uptake assay medium containing 0.1 mm CaCla (plus '5Ca), 5 Kinetic measurements of calcium transport were performed according to Peter and coworkers (10, 11, 13, 14) in a medium containing 20 gM CaCl2 (labeled with 'Ca), 5 20 mM histidine at pH 7.0. In the assay for calcium-concentrating ability of FSR the protein concentration chosen was such that the FSR was filled to only one-fourth capacity by the calcium present. After the calcium was taken up and an equilibrium established, 1 ml of the solution was diluted 1: 5 with a solution containing EGTA-Ca++ (ethylene glycol bis[fl-aminoethyl ether]-NN'-tetraacetic acid) (15) with a free calcium concentration similar to that found outside the FSR at equilibrium, i.e., about 0.1 micromole/liter. From the rate of release of radioactivity from the FSR, the calcium leakage at equilibrium was calculated (13, 14) . This can also be considered the steady-state rate of exchange of calcium by the different preparations of FSR at equilibrium. Measurements of the rate of calcium uptake and calcium leakage under these co double reciprocal plots c equals the net rate of upi age measured at equilib during the experiment (I Table I take and L equals the rate of leak-shows that the yield, expressed as milligrams of FSR per rium and assumed to be constant x 13, 14).
gram muscle, from both types of fast twitch muscles is ;s of calcium from calcium oxalate-almost twice as high as from slow twitch muscles. Techbsence of significant concentrations niques previously described for electron microscopic examination of small samples (12) showed that no mito -TABLE I chondria were present. The morphology of the FSR ted SarcoplasmIc Reticulum Prepared from all three types of muscle is very similar (17 (9) . show that this generalization is not valid; some red skeletal muscles composed predominantly of histochemically red fibers contract and relax as rapidly as muscles composed of white fibers. Other grossly red muscles which contract and relax slowly, e.g., the soleus of guinea pigs and rabbits, are classified histochemically as intermediate. The latter muscles have a low specific activity myosin ATPase in contrast with the high specific activity of myosin from fast twitch muscles, which may be red or white grossly and histochemically (9) . It is thus imperative that the generalization relating color of muscle and speed of the contraction-relaxation cycle be dropped. This generalization has already caused some investigators (18) to infer that the type of myosin need not correlate with contraction speed because myosin from some red muscles (assumed, but not shown to be slow twitch) of chickens is similar to that of white muscles (assumed to be fast twitch muscles). The danger of such a generalization is also emphasized by other studies from our group showing that chronic exercise can convert fast twitch white fibers to fast twitch red fibers which contain much more mitochondrial protein (19) .
Previous investigators have not defined the histochemical characteristics or contraction kinetics of the muscles they employed in their studies which were designed to compare FSR of fast twitch and slow twitch muscles. Consideration of the muscles used by these investigators (3-6), however, suggest to us that misidentification of muscle speed does not account for the discordant results. Rather, the dispute about the role of the SR in the relaxation kinetics of slow twitch muscles apparently derives from the inadequate techniques for preparation of FSR used by some investigators. In addition too much emphasis has been given to maximal calcium uptake by FSR as a tool for comparing FSR from different muscles. The assay for calcium-concentrating ability of FSR avoids the vexing problem of differential contamination by inactive protein of FSR prepared from different muscles, either normal or diseased. In addition, the latter assay is physiologically more relevant to the role of the SR in vivo which is to lower the free Ca"+ concentration to the very low levels required for relaxation of muscle.
The lower yield of FSR from slow twitch muscles and its slow rate of calcium uptake in the calcium-concentrating assay (Fig. 1) At equilibrium the rate of calcium uptake equals the rate of calcium leakage from the FSR. These rates, which measure the exchange or turnover of calcium at equilibrium, are higher in fast twitch muscles than in slow twitch muscles. On the other hand, the rate of passive loss of calcium from FSR in the absence of ATP at different temperatures is similar for FSR from fast or slow twitch muscle. This suggests that there are no gross differences in the mechanisms of passive efflux of calcium from different types of FSR. Thus the differences in calcium exchange at equilibrium are due to a higher steady-state rate of calcium uptake by FSR from fast twitch muscles rather than to a more rapid efflux of calcium from FSR of such muscles.
